This paper describes an antibody capture spot-ELISA for the detection of anti-insulin antibody-secreting cells. The assay is based on the binding of secreted antibodies by immobilised isotype-specific capture antibodies and subsequent detection of insulin-specific antibodies with a conjugate of human insulin and alkaline phosphatase (HI-AP). Compared with the conventional approach, using antigen for coating and employing an enzyme-linked detecting antibody, this technique improved the detection of murine cells secreting anti-insulin antibodies of different IgG subclasses.
Introduction
and reverse haemolytic (Eby et al., 1975) plaque assays and secondly, spot-ELISA techniques Two types of assay can be used to enumerate (Czerkinsky et al., 1983; Sedgwick and Holt, 1983 ). antibody-secreting cells (ASC), namely haemolytic Haemolytic plaque assays are limited by diffi- (Jerne and Nordin, 1963; Gronowicz et al., 1976) culties in coupling certain antigens to red cells (Golub et al., 1968; Pasanen and Makel~i, 1969) , instability of the products and the inability to
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Abbreviations." AMP, 2-amino-2-methyl-l-propanol; AP, alsandwich spot-ELISA is more flexible and has kaline phosphatase; ASC, antibody-secreting cell(s); 5-BCIP, been used for the simultaneous detection of dis-5-bromo-4-chloro-3-indolyl phosphate; BSA, bovine serum altinct types of ASC (Czerkinsky et al., 1988a) , bumin; CFA, complete Freund's adjuvant; ELISA, enzymeenumeration of lymphokine-producing lympholinked immunosorbent assay; GA, glutaraldehyde; GAM, isocytes (Czerkinsky et al., 1988b; Versteegen et al., type-specific goat antiserum directed against mouse immuno- We adopted an antibody capture approach (Clark temperature, purified by dialysis against PBS, and Adams, 1977; Crook and Payne, 1980 ; Vos filter-sterilized, diluted 1/1 with glycerol, and and Benner, 1989) using a new method for coustored at -20 o C. piing proteins to alkaline phosphatase (Claassen and Adler, 1988) (1979) .
Materials and methods

Preparation of cell suspensions
Cell suspensions from popliteal lymph nodes
Reagents
(PLN) were prepared as described by Benner et al. 2-amino-2-methyl-l-propanol (AMP), alkaline phosphatase (AP), 5-bromo-4-chloro-3-indolyl (1981 containing 1% BSA and 0.1% Tween 20 (PBT 1.0) Glycerol and Tween 20 were from Merck, to each well and incubating for 0.5 h at 37°C. Darmstadt, F.R.G. RPMI 1640 culture medium After postcoating the plates were incubated with was from Gibco, Glasgow, Scotland. Monoclonal 100/~1 of different concentrations of MCA p.10 in rat anti-mouse x light chain (RAM-x) (Yelton et PBT 1.0. After 1 h of incubation at 37°C and al., 1981) and monoclonal mouse IgGl,x anti-inthree washes with PBS containing 0.1% BSA and sulin p.10 (Vos and Benner, 1989) were purified 0.1% Tween 20 (PBT 0.1), 100 /~1 of a 1/1000 by affinity chromatography and their protein condilution of GAM-IgG1-AP in PBT 1.0 were added, tent was determined by spectrophotometry at 280 after which the plates were incubated for 1 h at nm.
37°C. After five washes with PBT 0.1, 100/~1 of substrate solution containing 0.2% PNP in AMP
Preparation of enzyme-conjugated insulin
buffer (Sedgwick and Holt, 1983) were added. A conjugate of HI and AP was prepared After 1 h of incubation at 37 °C extinctions were according to Claassen and Adler (1988) . 5 mg AP determined spectrophotometrically (Titertek, Mulwere dissolved in 2 ml phosphate-buffered saline tiscan, Flow Laboratories, Irvine, U.K.). (PBS) and extensively dialysed against PBS. Next, GA was added to the dialysis fluid to a concentraAntibody capture ELISA tion of 0.2% and incubated overnight at 4°C.
96 well plates were coated with 100 #1 of a Excess GA was removed by dialysis of the reacsolution containing 10 #g/ml of GAM-IgG1 in tion mixture against PBS and the activated AP PBS. Next the plates were treated according to the was transferred to a test tube containing a solusandwich ELISA protocol with the exception of tion of 5 mg HI in 4 ml PBS. After overnight the detection of the MCA, for which 100 /zl of a incubation at 4°C, 0.25 ml 0.2 M lysine HC1 was 1/100 dilution of HI-AP in PBT 1.0 were used added, the mixture incubated for 2 h at room instead of GAM-IgG1-AP.
Sandwich spot-ELISA
96 well plates were coated with 100 /~1 of a solution of 10/~g/ml of HI in PBS by incubation a for 1 h at 37 o C. Next the plates were postcoated by adding 100/~1 RPMI 1640 containing 1% BSA to each well and incubating for 0.5 h at 37°C. After postcoating 100 /~1 of cell suspensions of different concentrations in RPMI 1640 containing to 2 1% BSA were added and the plates were incubated o for 6 h at 37°C in a vibration-free, 5% CO 2 a incubator. Next the plates were washed three times O with PBT 0.1 and 100/~1 of a 1/1000 dilution of GAM-AP in PBT 1.0 were added to each well, after which the plates were incubated overnight at room temperature. After five washes with PBT 0.1, 100 #1 of substrate solution containing 0.1% 5-BCIP in AMP buffer were added. After 1 h of incubation at 37°C the supernatants were discarded and the plates were washed three times ~ ~ ~ ~ d ~ ~ with distilled water. The spots, identifiable by the 1 o.a -0.4 -1.1 -1.8 -2.5 -3.2 -3.9 presence of insoluble enzyme reaction product, were counted using a colony viewer (Bellco Glass, 1°log concentration MCA P.IO ~g/rnl) Vineland, N J). Fig. 1 . Titration curves of anti-insulin MCA p.10 using the two types of ELISA described. O, plates were coated with HI and titrated with purified MCA. The detector antibody was GAM-
Antibody capture spot-ELISA
IgG1-AP. e, plates were coated with GAM-IgG-1 and titrated 96 well plates were coated with 100/tl volumes with purified MCA. HI-AP was used for detection. of solutions containing 10/~g/ml GAM or RAM-r in PBS. Next the plates were treated according to the sandwich spot-ELISA protocol except for the cule. An ELISA was used to compare the sensitivdetection of secreted immunoglobulins. Plates ity of the capture-coating system with the sensitivcoated with GAM received 100 /~l of a 1/50 ity of the antigen-coating system. Fig. 1 shows the dilution of HI-AP in PBT 1.0 for the detection of results from this comparison for the IgG1, • antianti-insulin antibody-secreting cells (ASC), insulin MCA p.10. Both titration curves show that whereas plates coated with RAM-r and incubated the capture system was approximately 25 times with 100/xl of a 1/1000 dilution of GAM-IgG1-AP more sensitive than the system that employed in PBT 1.0 were used to detect IgG1 immunoantigen for coating. Results from the analysis of a globulin secreting cells (IgSC).
panel of anti-insulin MCA showed improvements in sensitivity, that ranged from 10 to 100 times (data not shown).
Results
Based on these results, the capture system was employed in an antibody capture spot-ELISA. In order to improve a sandwich spot-ELISA for Fig. 2 shows results from three types of spotanti-insulin ASC, which used HI for coating and ELISA for p.10 hybridoma cells. Secretion of im-GAM-AP for antibody detection, a spot-ELISA munoglobulins was assayed by a system using employing capture antibodies was developed. To RAM-r for coating, and GAM-IgG1-AP for detect insulin binding, a conjugate of HI and AP detection. Fig. 2A shows that this system detected was prepared according to a method (Claassen immunoglobulin secretion in 50% of the byand Adler, 1988) that ensured a minimal change in bridoma cells. Fig. 2B shows the relative sensitivthe immunogenic structure of the insulin moleity of detection of HI-specific ASC by the sand- wich and antibody capture spot-ELISAs. The data Discussion show that the antibody capture spot-ELISA detected approximately 75% of the immunoglobuThis paper describes a spot-ELISA for anti-inlin (IgSC), whereas the sandwich spot-ELISA, sulin ASC. The use of capture antibodies to bind detected only 5%. Results from the analysis of a secreted antibodies and HI-AP to detect insulin panel of anti-insulin hybridomas of IgG1 and binding resulted in a spot-ELISA with an improved IgG2 isotypes confirmed these percentages (data sensitivity for murine ASC of the various IgG not shown), subclasses. This improvement may be explained To test the new method on a polyclonal popuby an increase in the avidity of the plate-binding lation of anti-insulin ASC, BALB/c mice were interaction, which will be greater for dimeric IgG immunized with HI in CFA in both rear footpads, than for pentameric IgM. Moreover the sensitivity Popliteal lymph node (PLN) cells were isolated on of the conventional spot-ELISA for IgM ASC various days after immunization and assayed for may be attributed to the size of the IgM molecule, anti-insulin ASC. Fig. 3 shows the kinetics of the which can be simultaneously bound by a number anti-insulin ASC response of the IgM, IgG1, IgG2a of enzyme-linked second antibody molecules. and IgG2b isotypes assayed by the sandwich and
The quality of the antigen-AP conjugate is cruthe antibody capture spot-ELISA techniques, cial in the performance of the spot-ELISA based These results illustrate the improvements that the on capture antibodies. The conjugation method use of a coating of capture antibodies and detecdescribed mildly activates the AP using tion of secreted antibodies with an antigen-AP glutaraldehyde (GA), resulting in a minimal inconjugate may bring to the conventional spotactivation and intermolecular crosslinking of the ELISA for the detection of ASC of the various enzyme molecule. After removing excess GA the IgG subclasses, antigen is conjugated under conditions of neutral pH and low salt concentration without the preslows this spot-ELISA to be employed for the ence of organic solvents. These conditions make enumeration of ASC of different antibody isothis method applicable for a large variety of protypes and potentially to different species. In order tein antigens, to achieve optimal binding of secreted antibodies, The use of capture antibodies for coating althe capture antibody should be as pure as possi- 
